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CHAPTER I 
INTRODUCTION 
Whenever c e l l s  a r e  s t u d i e d ,  a  microscopis t  endeavors 
t o  s t u d y  them i n  as near  t h e i r  n a t u r a l  condi t ion  a s  pos- 
s i b l e .  While t h e  s tudy  of l i v i n g  o r  f r e s h  m a t e r i a l  i s  
d e s i r a b l e ,  it can be c a r r i e d  on only  t o  a  l i m i t e d  e x t e n t .  
Most s t r u c t u r e s  of t h e  animal body, though opaque, must be 
examined l a r g e l y  by t r a n s m i t t e d  l i g h t ,  hence, s p e c i a l  
p r e p a r a t i o n  i s  necessary  t o  pu t  them i n t o  s u i t a b l e  condi-  
t i o n .  Th i s  i s  accomplished by c u t t i n g  them i n t o  t h i n  s l i c e s  
( s e c t i o n  method). 
In  most i n s t a n c e s ,  t h e  minute s t r u c t u r e  of a  t i s s u e  
of  an organism can be s t u d i e d  t o  t h e  b e s t  advantage only 
a f t e r  t h e  a p p l i c a t i o n  o f  c e r t a i n  agen t s  which serve  t o  
emphasize t h e  va r ious  s t r u c t u r a l  elements.  A t i s s u e  so  
prepared  i s  an  a r t i f i c i a l  product ,  i~ t h a t  i t  i s  no t  e x a c t l y  
t h e  same a s  it i s  i n  t h e  l i v i n g  organism. Recent s t u d i e s  of 
protoplasrr  i r  unf ixed cond i t ions  have s t rengthened t h e  
b e l i e f  t h a t  many r e a g e n t s  preserve very f a i t h f u l l y  the  
a c t u a l  s t r u c t u r e  of t h e  c e l l  c o n t e n t .  
A q u a n t i t a t i v e  comparison of t he  nuc lear  Z l a r e t e r s  
and volumes of l i v i n g  and f ixed  nuc le i  h a s  not been ~ a d e .  
T h i s  s tudy  was under taken t o  f u r t h e r  t h e  < ? o ~ ~ l e d g e  of 
n~lc!car d i ame te r s  and volumes ir procedures t h a t  a l t e r  t he  
n u c l e a r  s t r u c t u r e  and appearance.  
The purpose of t h i s  s tudy  was t o  determine t h e  
r e l a t i v e  d i a m e t e r s  and volumes of unf ixed and f i x e d  n u c l e i  
of h e p a t i c  2nd r e n a l  c e l l s  of Swiss S t r a i n  white mice. 
CHAPTER I1 
HISTORY 
Much work has  been done on b i o l o g i c a l  s t a i n  r e sea rch  
o f  n u c l e i  i n  such f i e l d s  a s  microtechnique,  microscopy, 
b a c t e r i o l o g y ,  and cy to logy .  I n  t h e  l i t e r a t u r e ,  nuc l ea r  
s i z e s  were u s u a l l y  p re sen ted  f o r  i s o l a t e d ,  f i xed  n u c l e i ,  but  
a  s i z e  f o r  a  l i v i n g  nuc leus  was seldom found. 
The phenomenon of  shr inkage  and swel l ing  of n u c l e i  
h a s  been a  q u e s t i o n  i n  h i s t o c h e m i s t r y  f o r  many yea r s .  The 
unanswered q u e s t i o n  involved an  argument of chemical  and 
p h y s i c a l  f o r c e s  which caused a  s t a i n  t o  r e a c t  wi th  a  
n u c l e u s .  The chemical  t heo ry  was dependent l a r g e l y  upon t h e  
a c i d i c  o r  b a s i c  c h a r a c t e r  of t h e  dye no lecu le .  C e r t a i n  
p a r t s  o f  animal and p l a n t  c e l l s  a r e  ac id  i n  c h a r a c t e r  an?, 
h ~ n c e ,  have an a f f i n i t y  f o r  t h e  bas i c  dyes.  The n u c l e i  of 
t h e  c e l l s ,  e s p e c i a l l y  t h e  chromatin wi th in  t h e  n ~ c l e i ,  have 
a n  a c i d i c  n a t u r e  due t o  t h e i r  c o ~ s t i t u e n t  r i ~ c l e i c  a c i d s .  
Yhc d y ~  and n u c l c i c  a c i d s  would conbine i n  a  chemical  
r e a c t  ion .  1 
The p h y s i c a l  t.heory of s t a i n i n g  i r p l i e s  t h r e e  f a c -  
tors: ( 1 ~ )  c e l l s  a r e  porous and simple phys i ca l  f o r c e s  such 
l!i. . T .  Conr,  1;iolo;:ical 3tair.s (Geneva. Y e w  Vork: 
i . 1  i o t c > c h  i ' l~b l  i c a t  i o n s ,  1a40) , P .  2C5. 
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a s  c a p i l l a r i t y  and osmosis could account f o r  penet ra t ion  of 
t h e  dye ;  ( 2 )  t h e  a c t i o n  of adsorpt ion  could account f o r  the 
many s t a i n i n g  phenomena; and ( 3 )  a  dye might penet ra te  some 
c e l l u l a r  elements by absorp t ion ,  remaining the re  i n  a  s t a t e  
of s o l i d  s o l u t i o n .  Any one o r  a l l  of these  f a c t o r s  might 
o p e r a t e  a t  any given ins tance .  1 
Nei ther  theory could expla in  the s t a i n i n g  phenomena. 
A dye penet ra ted  d i f f e r e n t  c e l l s  equal ly r e a d i l y ,  but could 
be e x t r a c t e d  from some while sca rce ly  a t  a l l  from o the r s .  
I t  was assumed t h a t  dyes penet ra ted  by mere absorpt ion and 
d i f f u s i o n ,  but  were p r e c i p i t a t e d  t h e r e  by ac ids  or  bases .  
Such a theory  admitted the  p o s s i b i l i t y  of chemical a c t i o n .  
I n  a chemical union, a  new substance was formed which d id  
n o t  have t h e  p r o p e r t i e s  of e i t h e r  substance en te r ing  i n t o  
i t s  formation.  When a  t i s s u e  was s t a i n e d ,  the re  was no 
evidence  of any new substance having beer, formed: t h e  
co lo red  t i s s u e  merely took on the  c h a r a c t e r i s t i c  of the  dye 
( c o l o r ) .  L 
Stea rn  and S tea rn  noted t h a t  basic  dyes caused an 
i n c r e a s e  i n  mass when added t o  a  so lu t ion  containing nucleic 
a c i d .  Acid dyes had no e f f e c t  on nucleic  acid so lu t ions .  
They pointed out t h a t  t h i s  was due t o  the  doninance of 
chemical  fo rces  i n  c o l l o i d a l  adsorpt ion .  They t r e a t e d  basic 
5 
dye s o l u t i o n s  w i t h  t y p i c a l  p r o t e i n s  and noted an i n c r e a s e  i n  
mass; a c i d  dye s o l u t i o n s  behaved i n  an oppos i te  d i r e c t i o n .  
They p o s t u l a t e d  t h a t  t h e r e  w a s  a  d e f i n i t e  r e a c t i o n  between 
dye  i o n s  and t h e  o p p o s i t e l y  charged ions  of p ro t e in  and 
n u c l e i c  a c i d s .  1 
Cowdry a l s o  noted t h e  coagu la t ing  a c t i o n  of t h e  
f i x a t i v e  upon m a t e r i a l s  i n  t h e  nucleus .  He noted t h a t  a 
morphologica l  change occurred i n  s e c t i o n s  a f t e r  f i x a t i o n  
which showed a h e t e r o g e n i c i t y ,  o r  d i v e r s i t y ,  i n  examination 
o f  t h e  n u c l e i  of l i v i n g  c e l l s .  2 
Tolstoouhov i n v e s t i g a t e d  s e v e r a l  f i x i n g  f l u i d s  and 
p o s t u l a t e d  t h a t  many f i x i n g  f l u i d s  gave s t a b l e  compounds 
w i t h  t h e  t i s s u e  p r o t e i n s  which almost permanently change t h e  
chemica l  composi t ion.  He noted t h a t  formal in  forms i n e r t  
compounds wi th  amino a c i d s ,  thus  making t h e  t i s s u e  rrore ac id  
(i . e . ,  i t  lowers  t h e  pH va lue )  .3 
Tolstoouhov s t u d i e d  t h e  s t a i n i n g  p r o p e r t i e s  of 
'A. E.  S t e a r n  and E .  W. S t e a r n ,  "The Nechanism of 
Staining Explained on a Chemical E a s i s .  I .  The r e a c t i o n s  
between d y e s ,  p r o t e i n s ,  and nuc le ic  a c i d s , "  S t a i n  Tech- 
n u ,  I V  (October ,  19291, 111. 
2 ~ .  V .  Cowdry, Microscopic Technioues E ~ ~ ~ o E Y  & 
?IIedicine (Bal t imore :  T h e  Xi l l i ams  and. ' d i l k ins  Company? 
3 ~ .  V .  T o l s t o o ~ h o ~ ,  "The E f f e c t  of Prel iminary 
Treatment  (F ix ing  F l u i d s )  on S t a i n i n g  P r o p e r t i e s  of Tis- 
s u e s , "  S t a i  Technoloev, 111 ( ~ p r i l ,  1 3 2 ? ) ,  49- 
6 
d i f f e r e n t  organs  of t h e  same animal f i xed  i n  t h e  same f l u i d  
and was a b l e  t o  f i n d  d i f f e r e n c e s  i n  t he  chemical composition 
of  t h e  d i f f e r e n t  s t a i n s  which w i l l  be taken up.' Tolstoouhov 
b e l i e v e d  t h a t  t h e  s t a i n i n g  p r o p e r t i e s  of t i s s u e s  were 
dependent  upon chemical composit ion.  S t a in ing  p r o p e r t i e s  
depend on:  (1 )  s t r e n g t h  of t h e  dye,  ( 2 )  s t r e n g t h  of the  
t i s sue  p r o t e i n s  o r  i s o e l e c t r i c  p o i n t s ,  and (3)  t h e  pH-value 
of  t h e  dye s o l u t i o n .  2 
The p r e p a r a t i o n  of animal t i s s u e s  f o r  microscopic 
s t u d y  p r e s e n t s  a d i f f i c u l t  problem t o  the  h i s t o l o g i s t  and 
p a t h o l o g i s t .  T i s sues  must be t r e a t e d  i n  such a  way t h a t  
t h e i r  s t r u c t u r e s  can r e a d i l y  be v i s u a l i z e d  under t h e  micro- 
scope .  I t  i s  important  t h a t  they  be a l t e r e d  a s  l i t t l e  a s  
p o s s i b l e  dur ing  t rea tment  i f  one i s  t o  ob ta in  a  view of 
t h e i r  b a s i c  s t r u c t u r e  comparable t o  t h a t  of t h e  l i v i n g  
s t a t e  .3 
According t o  Birge and T i b b i t t s ,  pronounced shr inkage 
~ o t  on ly  r e s u l t e d  i n  s u b s t a n t i a l  d i s t o r t i o n  of c e l l  and 
t i s s l ~ e  s t r u c t u r e  but  a l s o  reduced t h e  dimensions of f i n e  
d e t a i l  b ~ l o w  t h e  l i m i t s  r e so lvab le  by t h e  l i g h t  rnicrosccpe. 
4 
311. H. Koenig, A .  Groat ,  and W. F. biindle, " A  Physio- 
l o ~ i c a l  Approach t o  Perfusion F ixa t ion  of T i s sues  with  
Formalin," S t a i n  Technology, XX (January,  19451, 13. 
'1 ;~cs lp~ 3 .  Iiirgp and P. Donald T i t b i t t s .  "The Use of 
7 
The passage  of a t i s s u e  s e c t i o n  through a s e r i e s  of  
m i c r o t e c h n i q u e  methods can  have s e r i o u s  e f f e c t s  i n  t h e  form 
of s w e l l i n g  and sh r i nk age .  Each s t e p  i n  t h i s  s e r i e s  can 
d i s t o r t  t h e  c e l l  components of b o t h  cytoplasm and nuc leus .  
McClung cons ide r ed  t h e  p roce s s  o f  f i x a t i o n  a s  one of 
t h e  most  i m p o r t a n t  i n  t h e  s e r i e s ;  upon i t s  c h a r a c t e r  a l l  t h e  
r ema in ing  s t e p s  and u l t i m a t e  r e s u l t  depend. H i s  endeavor 
h e r e  was t o  p r e s e r v e  i n  a permanent form, a s  n e a r l y  a s  
p o s s i b l e ,  t h e  e x a c t  c o n f i g u r a t i o n  of c e l l s  and t i s s u e s  i n  
t h e  l i v i n g  s t a t e .  He found t h a t  t h i s  cannot  be e x a c t l y  
accompl i shed  because  l i v i n g  protoplasm i s  a g e l a t i n o u s  o r  
s e m i - s o l i d  f l u i d  m a t e r i a l  and a f t e r  f i x a t i o n  it becomes a  
s o l i d .  H e  found t h i s  t o  be accomplished by t h e  p roce s s  of 
c o a g u l a t i o n .  1 
Accord ing  t o  Koenig, Groa t ,  and Xind le ,  t h e  double  
d u t y  o f  p r e s e r v i n g  and p r epa r ing  t i s s u e  f o r  p rocesses  t o  
f o l l o w  r e s t e d  upon f i x a t i o n .  They s t a t e d  t h a t  f i x a t i o n  
i nvo lved  t h e  d e n a t u r a t i ~ n  of t i s s u e  p r o t e i n s  and t h i s  
p r even t ed  t h e  pos t  ~ o r t e m  changes of a u t o l y s i s  and b a c t e r i a l  
decornposi t i o n .  2 
Sod i~m,  Ch lo r ide -Con ta in ing  F i x a t i v e s  iq ?i inimizing C e l l s l s r  
D i s t o r t i o n  iq H i s t o l o g i c a l  and Cytocherrical  P r e p a r s t i o n s , "  
J o u r n a l  - of H i s t o c h e m i s t r y  C v t o c h e a i s t r y ,  IX (19611, kc?. 
'C . h. CTcCl;lnn, Handbook ef \ ' i c r o s c o s i c a l  Techni-ue 
(Ycw York: Pau l  T4.  l ioeber ,  I n c . ,  1937). p .  I .  
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Bi rge  and T i b b i t t s  considered t h a t  one of t h e  p r i n c i -  
p a l  o b j e c t i o n s  t o  t h e  f i x a t i o n  of t i s s u e s  by chemical means 
was t h e  inadequate  s t a b i l i z a t i o n  of t h e  c e l l s  a g a i n s t  
sh r inkage  a t  t h e  time of f i x a t i o n .  Hertwig, a s  c i t e d  by 
B i r g e  and T i b b i t t s ,  demonstrated t h a t  t h e  normal volume of 
amphibian c a r t i l a g e  c e l l  n u c l e i  was decreased by more than  
50$ fo l lowing  f o r n a l i n  f i x a t i o n ,  e t h y l  a l coho l  dehydra t ion ,  
and p a r a f f i n  embedding .l 
Ross found t h a t  t h e  f i x a t i v e  i s  probably r e spons ib l e  
f o r  most o f  t h e  shr inkage  i n  a P r e ~ a r a t i o n . ~  Cowdry s t a t e d  
t h e  advantages  and d isadvantages  of f i x a t i o n .  He considered 
t h a t  t h e  normal form r e l a t i 9 n s  of t h e  t i s s u e  components were 
p re se rved  more f a i t h f u l l y  i n  l a r g e  p ieces  because i t  was no t  
necessa ry  t o  s e p a r a t e  t h e  t i s s u e  by t ea s ing  t o  ob ta in  t h i n  
o r  smal l  p i e c e s  f o r  microscopic s tudy;  t he  c e l l s  were 
suddenly and uniformly k i l l e d .  His ch ie f  ob jec t ion  t o  
f i x a t i a n  was t h e  modi f ica t ign  of s t r u c t u r e ;  t h u s ,  c a r e  must 
be e x e r c i s e d  i n  reaching  conclusions  concerning l i v i n g  
t ' l s s u e s  from t h e  s tudy  of f i xed  ones. 3 
l b i r e e  and T i b b i t t s .  & *  m- 
2 ~ .  y .  A .  9 o s s ,  "Cel l  Shrinkage Caused by F i x a t i v e s  
and Parsffln-Wax Enbedding i n  Ordinary Cyto logica l  ??e?ara- 
t i 5 r - 1 ~  , I 1  C i u a r t e r h  Journa l  of Y i c r o s c o ~ i c a l  Sc ience ,  XCTf 
(1353), 125. 
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The r e a g e n t s  chosen f o r  f i x a t i o n  should be adapted  t o  
t h e  pu rpose  f o r  which t h e  m a t e r i a l  i s  t o  be used .  Some 
f i x a t i v e s  p r e s e r v e  n u c l e a r  c o n d i t i o n s ,  o t h e r s  t hose  of  t h e  
cy top l a sm.  The p a r t i c u l a r  f i x a t i v e  t h a t  may b e s t  be used 
depends  upon t h e  n a t u r e  o f  t h e  m a t e r i a l .  I n  some c a s e s ,  
t h i s  requires  a  r e a g e n t  which p e n e t r a t e s  w i th  extreme v i g o r  
and r a p i d i t y .  McClung i n d i c a t e d  t h a t  one of t h e  p i c ro -  
f o r m o l - a c e t i c  a c i d  m i x t u r e s  may be s e l e c t e d  f o r  e a s y  pene- 
t r a t i o n  of  a v i s c e r a l  organ.  Bou in ' s  picro-form01 i s  an 
example of  t h i s  t y p e .  1 
The t h r e e  s u b s t a n c e s ,  p i c r i c  a c i d ,  a c e t i c  a c i d ,  and 
f o r m a l i n ,  have  i n d i v i d u a l l y  d i f f e r e n t  e f f e c t s  upon p ro to -  
plasm. Gray i n d i c a t e d  t h a t  t h e  p r e s e r v a t i o n  of  n u c l e a r  
d e t a i l  was r e l a t e d  t o  t h a t  o f  p e n e t r a t i o n .  I n  working w i t h  
t h e  most u n i v e r s a l l y  employed p e n e t r a t i n g  a g e n t ,  a c e t i c  
a c i d ,  he  no ted  t h a t  t h i s  o r g a n t c  a c i d  caused a  s w e l l i n g  of 
t h e  t i s s ~ e . ~  B i rge  and T i b b i t t s  found t h a t  a c e t i c  a c i d  
spcming ly  was q o t  e f f e c t i v e  i n  p r e c i p i t a t i n g  and s t a b i l i z i n g  
most t i s s u e  p r o t e i n s .  They found i t  had a  s w e l l i ~ g  e f f e c t  
on p r o t e i n s  and b i o c o l l o i d a l  sys tems.  They cons ide red  t h i s  
s w e l l i n g  was brought  abou t  p r i m a r i l y  by t h e  i m b i b i t i ~ n  of 
'pe ter  Gray, Handbook g? Bas ic  Kic ro techn iaua  (yew 
York: McGraw-Hill Rook Company, I n c . ,  lQ58), ?. 6 3 -  
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additional water attracted to the protein molecules by 
charged hydrophilic groups set free as a result of the acid 
treatment.' Even though acetic acid did not shrink the 
tissue, Ross observed that it permitted shrinkage of tissues 
by subsequent processes.* Tarkhan found that tissues fixed 
in acetic acid or in mixtures containing it swell on being 
put into water. He observed that fixatives which contain 
acetic acid were dehydrated, whereas lower grade alcohols 
are liable to cause the tissues to swell.3 NcClung noted 
that formalin had a swelling a ~ t i o n . ~  Patten and Philpott, 
working with pig embryos, found a 4.8% increase in the 
length of the embryos when fixed in formalin.5 Lassek and 
Powers ex~erimented with concentrated and 10% fornalin and 
postulated that the concentrated fixative was better because 
it had a greater speed of penetration without causing 
additional distortion or artefacts.' Tarkhan noted that 
lBirge and Tibbitts, OJ. &., p. 413. 
3.4. A. Tarkhan, "The Effect of Fixatives acd Cther 
Ap~nts o~ Cell Size and Tissue Bulk," Journal of Roval 
!~licrosco~ical Society, LI (1931), 392. 
r 
'B. :.j. Patten a n d  R. Philpott, "The S h r L n k a g e  of 
Ernhryos in the Processes Preparatory to Sectioring," &i- 
t a m i c n l  9ecord, XX (Xarch, 1922), 4P?.  
\ I  6 ~ .  i:. Lasspk :inti P. .  ?:. Powers, t'Conc~ntrsted ? o ~ m a -  
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formol, when used in mixtures, augmented the penetration of 
those fixatives which had a shrinking power .l Koenig, 
Groat, and Windle found that tissues fixed in 10% formalin 
gained in weight in a range from 1% to 6.2%. They reasoned 
that this increase in mass came from the filtration of the 
fluids into the tissues. 2 
Koenig, Groat, and Windle experimented with hypotonic 
and hypertonic fixing fluids. They found that if the fixing 
fluid is not isotonic, hypotonicity of the fixing fluid to 
the intracellular fluid would produce hydration and swelling 
of the cells and hypertonicity to the intracellular fluid 
would produce dehydration and shrinkage. In addition to the 
separation of the tissue elements consequent to an increase 
in interstitial fluid, they found a distortion of the 
cellular elements. If the fixative was hypertonic, they 
9bserved that the distortion of the tissue was that of 
shrinkage. 3 
A 10% formalin fixative is a hypotonic solution. 
Koenig, Groat, and Windle considered that this solution 
Versus a 105 Solution as a Fixative Preceding Silver 
Staining ,If Stain Technolo~v, X X I V  (January, 19491, 34- 
'~arkhan, &. &. 
* ~ o n n l ~ ,  Groat, and Y i n d l e ,  B. m., p .  15. 
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d i s t r i b u t e d  i t s e l f  s o  t h a t  i t s  concen t r a t i on  i n  t h e  i n t r a -  
c e l l u l a r  f l u i d  and i n t e r s t i t i a l  f l u i d  would be equa l .  Water 
t h e n  d i l u t e d  t h e  i n t e r s t i t i a l  f l u i d  and produced a swel l ing  
o f  t h e  c e 1 l s . l  
P i c r i c  a c i d  i n  concen t r a t ed  aqueous s o l u t i o n  sh r inks  
t i s s u e ,  such a s  l i v e r ,  d u r i n g  f i x a t i o n .  Guyer explained 
t h i s  sh r inkage  by cons ide r ing  t h a t  p i c r i c  a c i d  ac t ed  by 
c o a g u l a t i n g  o r  p r e c i p i t a t i n g  v a r i o u s  c o n s t i t u e n t s  of t i s -  
sues .*  Ross t e s t e d  s e v e r a l  f i x a t i v e s ;  he considered p i c r i c  
a c i d  and e t h y l  a l c o h o l  t o  have t h e  g r e a t e s t  sh r ink ing  e f f e c t  
o f  s imple  f i x a t i v e s . 3  
B i r g e  and T i b b i t t s  found t h a t  Bouinls  s o l u t i o n  
produced a  g r e a t e r  e f f e c t i v e n e s s  than  formal in  i n  s t a b i l i z -  
i n g  t h e  c e l l u l a r  cytoplasm. They reasoned t h a t  a c e t i c  ac id  
d i f f u s e d  i n t o  t i s s u e  b locks  ahead of a c t i v e  f i x i n g  agen t s .  4 
E i r g e  and T i b b i t t s  added smal l  q u a n t i t i e s  of YaC1 t o  
f i x a t i v e s  t o  minimize t i s s u e  d i s t o r t i o n  and shr inkage.  They 
found a  mean volume of 127 cubic microns and 227 cubic  
v i c r o n s  f o r  2n and 4n n u c l e i  of t h e  l i v e r  when f i x e d  i n  
*;4ichael F. Guyer , Animal M i c r o l o ~ v  (Chicago : The 
' J n i v e r s i t y  of Chicago P r e s s ,  1?53) ,  p.  15. 
- l ~ o s s ,  a., p .  135. 
'13irge and T i b b i t t s ,  &. m. 
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Bou in ' s  s o l u t i o n  and 140 cubic  microns and 243 cubic  microns 
f o r  t i s s u e s  f i x e d  i n  Bouin/NaCl s o l u t i o n .  Therefore ,  t h e  
t i s s u e  sh r inkage  was reduced 7 g . l  Birge and T i b b i t t s  found 
t h a t  B o u i n ' s  s o l u t i o n  had 13% l e s s  cytoplasmic shr inkage 
t h a n  fo rma l in  f i x e d  m a t e r i a l . 2  Baker, a s  c i t e d  by Birge and 
T i b b i t t s ,  cons idered  t h a t  t h e  o v e r - a l l  t o n i c i t y  of t he  
f i x a t i v e  was n o t  a s  important  i n  t i s s u e  shr inkage a s  t h e  
c o n c e n t r a t i o n  of sma l l  i ons .  He pos tu l a t ed  t h a t  t h e  so lven t  
phase of t h e  f i x a t i v e  may p e n e t r a t e  t h e  t i s s u e  more r a p i d l y  
t h a n  l a r g e  i o n s  and t h i s  would expose the  t i s s u e  t o  a  
hypotonic  s o l u t i o n  j u s t  p r i o r  t o  f i x a t i o n . 3  According t o  
Young, a s  c i t e d  by Bi rge  and T i b b i t t s ,  t he  swel l ing  incu r r ed  
may r e s u l t  i n  t h e  b u r s t i n g  of t h e  c e l l  i f  smal l  i ons  of NaCl 
were added,  s i n c e  t h e s e  would d i f f u s e  more r a p i d l y  and 
minimize t h e  imbalance i n  t o n i c i t y  between e x t r a -  and i n t r a -  
c e l l u l a r  environments.  4 
Ross ,  working with  c e l l s  and n u c l e i  of t h e  primary 
spermatocytes  of t h e  s n a i l  Hel ix  a spe ra ,  made a s e r i e s  of 
measurements a f t e r  app ly ing  var ious  f i x a t i v e s  .5 He found 
t h a t  t h e  per  c e n t  shr inkage  i n  nuc l ea r  d iameter  and volume 
f o r  Hou in ' s ,  Z e n k e r t s ,  chromic a c i d ,  and n e u t ~ a l  fo rmal in  
was 2327% and 54212% r e s p e c t i v e l y .  P i c r i c  a c i d ,  e t h y l  
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alcohol, and trichloroacetic acid produced 3426% nuclear 
shrinkage in diameter and 7 ~ 8 %  shrinkage in nuclear vol- 
ume. 1 
Patten and Philpott measured pig embryos after 
fixation in Bouin's fixative. They determined the shrinkage 
to be very slight (average 2.5%) and in the remainder of the 
process shrinkage was gradual and not excessive. They noted 
that the preservation of cytological detail by Bouinfs 
fixative is greatly su?erior to that secured by formalin or 
forrnol-alcohol. * 
Tarkhan found that tissues possessed a more or less 
limited power of shrinkage, which, if exhausted in the 
fixative, cannot manifest itself to the same extent during 
dehydration and other technique procedures.3 Patten and 
Philpott noted that the greater the shrinkage by fixation, 
the less the subsequent shrinkage during hydration, and, 
conversely, a relative lack of shrinkage during fixation was 
followed by an increased loss of volume during subsequent 
dehydration processes. They c~nsidered the supposed advsn- 
t a ,yes  of a mixtine, such as Eouin's, would be nullified by 
the subsequent shrinkage. 4 
 bid., p. 137. 
*?atten and Philpott, . &. , p. 412. 
j~arkhan, &. &. '~attrn 2qti -hilpett, u. &. 
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Washing i s  t h e  process  of removing excess  f i x a t i v e  
from t h e  specimen. Following t h e  use  of an aqueous f i x a -  
t i v e ,  water  i s  used i n  most c a s e s  t o  do t h e  washing. 
McClung noted t h a t  when p i c r i c  ac id  was used i n  t h e  f i x a -  
t i v e ,  washing must t a k e  p lace  i n  70% a lcoho l  i n  o rde r  t o  
avoid  macerat ion.  He a s s e r t e d  t h a t  any p i c r i c  ac id  which 
remained i n  t h e  specimen would i n t e r f e r e  wi th  s t a i n i n g .  In  
most i n s t a n c e s ,  washing d i d  n o t  d i s t o r t  t h e  t i s s u e . l  
The shr inkage  of t i s s u e s  cont inues  dur ing  dehydra- 
t i o n .  Tarkhan noted t h a t  abso lu t e  a lcohol  was perhaps t h e  
most powerful  s imple  f i x a t i v e  and a  b r u t a l  dehydrat ing 
a g e n t .  He considered t h e  hardening of t i s s u e s  due t o  t h e  
c o a g u l a t i o n  of t h e i r  p r o t e i n s  and withdrawal of water .  He 
found most of  t h e  shr inkage  took place i n  the  f i r s t  2-3 
hours and gradua l  dec rease  fol lowed.  He found t h a t  dehydra- 
t i o n  fol lowinq t h e  use  of Flemming's f i x a t i v e  r e s u l t e d  i n  a 
t o t a l  s h r i r k a g e  i v  d iameter  of  a  nucleus of 9%.  A one- tenth 
r s d i ~ c t i o n  ir diameter  r e s u l t e d  i n  a very g r e a t  r educ t ion  i~ 
volume. 2 
T e l l y e s ~ i c z s y ,  a s  c i t e d  by Tarkhan, a s s e r t e d  t h a t  
g r ~ a t e r  t i s s u e  changes occurred on t r a n s f e r  of t i s s u e   fro^ 
t h e  f i x a t i v e  t o  o t h e r  media than dur ing  f i x a t i ~ n  i t s e l f . :  
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Tarkhan ,  u s i n g  S u s a l s  f i x a t i v e ,  which c o n t a i n s  a c e t i c  a c i d ,  
found s w e l l i n g  when t i s sue  was t r a n s f e r r e d  t o  50% a l c o h o l  
and t h i s  c o n t i n u e s  i n  t h e  70% and 90% a l c o h o l s .  He found 
s h r i n k a g e  i n  t h e  t i s s u e  when p laced  i n  96% a l coho l  and 
a b s o l u t e  a l c o h o l  which compensated f o r  t h e  swel l ing  i n  t h e  
lower  g r a d e s  o f  a1coho l . l  Following form01 f i x a t i o n ,  
Tarkhan observed no sh r inkage  i~ 70% a l c o h o l ;  t h u s ,  p r e s e r -  
v a t i o n  i s  j u s t i f i e d  i n  t h i s  grade  of  a l c o h 0 1 . ~  Alcohol and 
w a t e r ,  because  o f  t h e  spaces  among t h e  atoms of  t h e  a l c o h o l  
molecu le  i n  which t h e  molecules  o f  water  a r range  themse lves ,  
c o n t r a c t  upon mixing t o  f u r t h e r  i n c r e a s e  t i s s u e  sh r inkage .  
P a t t e n  and P h i l p o t t  noted t h a t  p i g  embryos t h a t  passed from 
10% fo rma l in  t o  705 a l c o h o l  had a  sh r inkage  of  5.2$,  t o  955 
a l c o h o l  had a sh r inkage  of  3.8%; t h e  second change o f  
a b s o l u t e  a l c o h o l  caused a n  a d d i t i o n a l  sh r inkage  of 2.1;. 3 
? a t t e n  and P h i l p o t t  observed a  sh r inkage  of  1.5$ when 
t r a n s f e r r e d  from B o u i n l s  t o  7 ~ 5  a l c o h o l  and a  2% s h r i r k a g e  
wher! p laced  i n  95$ a l c o h o l .  They observed a sh r inkage  o f  52 
when t r a n s f e r r e d  from 95;; a l c o h o l  t o  a b s o l u t e  a l c o h o l .  4 
One of t h e  most u n i v e r s a l l y  used c l e a r i n g  a g e n t s  i s  
xylol. Tarkhan has  denons t r a t ed  t h a t  c o ~ s i d e r a b l e  shr inkage  
I ~ b i d . ,  p .  391. 21bid. , p .  3 9 2 .  
3 ~ a t t e n  and P h i l p o t t ,  QQ. u., p .  406. 
 bid -* 9 p .  410. 
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i s  seen  t o  occur .  He noted t h a t  x y l o l  shows maximum shr ink-  
age over  t o l u o l ,  benzol ,  and cedar-wood o i l . '  P a t t e n  and 
P h i l p o t t  n o t i c e d  a  shr inkage of 0.5% when t i s s u e  was passed 
from a b s o l u t e  a l c o h o l  t o  x y l o l  when 10% formal in  was used a s  
t h e  f i x a t i v e .  They observed a  1% shrinkage when t h e  p ig  
embryos were passed from a b s o l u t e  a l coho l  t o  x y l o l  fol lowing 
f i x a t i o n  i n  Bou in t s  picro-formol .2  
P a r a f f i n  has  t h e  power of sh r ink ing  t i s s u e .  Tarkhan 
found t h a t  h e a t  a l s o  induced shr inkage.  He observed t h a t  
p a r a f f i n  c o n t r a c t e d ,  and t h e  longer  t h e  t i s s u e  remained i n  
p a r a f f i n ,  t h e  more t h e  t i s s u e  con t r ac t ed .3  Ross noted t h a t  
c e l l s  embedded i n  p a r a f f i n  wax were more shrunken a f t e r  
b e i n g  f i x e d  wi th  simple f i x a t i v e s  than when f i x e d  with  
fixing ~ i x t u r e s ,  such a s  ~ o u i n ' s . ~  Pa t t en  and P h i l p o t t  used 
a  1 ~ 7 ;  f o m a l i n  f i x a t i v e  and observed a 4.2% shr inkage when 
t h e  t i s s u e  was placed i n  p a r a f f i n .  They used Eouin ' s  f l u i d  
and observed a  6.5% shr inkage when placed i n  p a r a f f i ~ .  5 
Ross noted a  l i n e a r  shr inkage of about one- th i rd  f o l l o w i ~ g  
p a r a f f i n  embedding a f t e r  t h e  t i s s u e  was f ixed  by many of t he  
l ~ a r k h a n ,  &. m. 
*?a t t en  and P h i l p o t t ,  &. &. 
3 ~ a r k h a n ,  m. m., p. 396. 
'ROSS, m. . , p. 138. 
?pa t t en  and Ph i lpo t t , ,  . &. 
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common f i x i n g  s o l u t i o n s .  He pos tu l a t ed  t h a t  t h e  embedding 
p rocess  was one of  t h e  most important  f a c t o r s  i n  determining 
f i n a l  c e l l  s i z e .  1 
Over t h e  e n t i r e  range of microtechnique methods, a  
30$ r e d u c t i o n  i n  t i s s u e  volume was ev iden t .  S towel l ,  
working w i t h  r a b b i t  kidney c o r t e x ,  noted t h a t  Susa ' s  and 
Bou in ' s  f i x a t i v e s  gave t h e  b e s t  gene ra l  r e s u l t s  i n  comparing 
v a r i o u s  f i x a t i o n ,  dehydra t ion ,  and embedding techniques .  2 
S t o w e l l  found i n  comparing f r e s h  t i s s u e  of r a b b i t  kidney 
wi th  f i x e d ,  washed, dehydrated,  and c l ea red  t i s s u e  t h a t  
Bou in l s -xy lo l  procedure produced a  14% shrinkage i n  volume 
w i t h  Eouin t  s f i x a t i v e ,  4% i n  70% a l c o h o l ,  9% i n  x y l o l ,  and 
85; when embedded; t h e  f i n a l  volume was 63% of t h e  f r e s h  
t i s s u e .  He a l s o  noted when he used Pe t rcnkewi tche ls -xylo l  
procedure  t h a t  t h e  f i x a t i o n  caused a  swel l ing  of 1 7 s  from 
t h e  f r e s h  t i s s u e ,  135 i n c r e a s e  i n  volume above t h a t  caused 
by t h e  f i x a t i v e  when placed i n  70$ a l c o h o l ,  a  51% shr inkage 
i n  volume when i n  t h e  x y l o l ,  and a  f i n a l  shr inkage of 157; 
when embedded; t h e  f i n a l  volume was 64% of t h e  f r e s h  t i s s u e .  
I!e used a 10;; formal in-xylo l  procedure and observed t h a t  t h e  
1@$ f'orrnalin caused a  34$ inc rease  i n  volume, t h e  705 
2 ~ o b e ~ t  E .  S towe l l ,  "Ef fec t  on Tissue  Volunes of 
Var ious  Methods of F i x a t i o n ,  Dehydration,  and Ymbedciing," 
S t s i n  T e c h n o l o ~ v ,  XXVI ( ~ p r i l ,  1941), 67.  
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alcohol produced a 52% shrinkage, and xylol reduced the 
volume 8 %  the final volume of the fixed tissue was 56% of 
the fresh tissue. Even though there was initial shrinkage 
and swelling in fixation, the percentage of shrinkage varied 
by 8% for the various procedures. 1 
Stowell cooled 500 cc. of parawax from 59O C. to 
20' C. and found a 14.3% decrease in volume. He concluded 
that the paraffin, in shrinking more than the tissue, must 
exert a compressing force on it. He found that embedded 
tissue had not reached its maximum capacity to shrink and 
thus sectioning may produce further distortion. 2 
Aumonier found that thinner sections and wax of 
higher melting point gave greater shrinkage of tissues 
during cutting and fixing of the sections to the slide. Ee 
found that the shorter the time allowed for stretching the 
section resulted in no change.j 
Aumonier noted that if paraffin sections did not show 
an increase in width to corrpensate for the increased length 
when the ~araffin melted, these sections should have 
increased ip thickness. He r~3soned that paraffin sections, 
which are fastcqed relatively firmly to the slide by a l b 1 ~ -  
2 .  J. Aumonier, "Votes on the Distortion of '3-3:- 
fin Sections , I 1  Journal of 3ovsl b'icrosco~ical Sccietv, L V l I  1 
(lc93?> , 25'4. 
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min, would be f r e e  t o  change c h i e f l y  i n  th ickness .1  
S t o w e l l  r a t e d  f i x a t i v e s  and procedures and found t h a t  
t h e  Bouin-xylol  procedure gave t h e  b e s t  a l l -around r e s u l t s ,  
b e s t  f o r  n u c l e a r  f i x a t i o n  and hernatoxylin s t a i n i n g ,  a l though 
cy top la smic  f i x a t i o n  was n o t  good. He a s s e r t e d  t h a t  f i x a -  
t i v e s  which produced t h e  l e a s t  volume change do n o t ,  how- 
e v e r ,  g ive  t h e  b e s t  microscopica l  p i c t u r e .  He found t h a t  
Z e n k e r ' s  f i x a t i v e  caused t h e  g r e a t e s t  shr inkage bu t  i s  
wide ly  used because of i t s  e x c e l l e n t  cytoplasmic preserva-  
t i o n . '  
Freeman, Moyer, and Lassek found t h a t  t h e  pH of 
B o u i n ' s  f i x a t i v e  i s  very  s t a b l e ,  They placed 1 gran  of 
t i s s u e  i n  2 5  cc .  o f  f i x a t i v e  and 1 gram of t i s s u e  i n  125 
c c .  of  f i x a t i v e  avd no c h a n ~ e  i n  pH occurred.  3 
Cowdry determined t h a t  t h e  shr inkage of n u c l e i  when 
examined i n  s t a i n e d  s e c t i o n s  was g e n e r a l l y  nore  than  1 ~ 5  of 
t h e i r  s i z e  i~ ~ i v o . ~  Kunzer, a s  c i t e d  by Idilson and Leduc, 
r e p o r t e d  t h a t  sometimes t h e  n u c l e i  d i f f e r  i n  stai9:ng 
r e a c t i o n  o r  d e n s i t y ;  one nucleus  may be more b e s o p h i l i c  an2 
. L .  k'reeman, E .  K .  Yoyer, and A .  E.  Lassek,  "The 
pH of I'ixing F l u i d s  During F i x a t i o ~  of T i s s u e s , "  A~atorr icaL 
ijccord , CXXI (Varch,  1955) , 59?. 
4 Cowdry, a. &., p .  14'. 
21 
t h e  o t h e r  more a c i d o p h i 1 i c . l  C l a r a ,  a s  c i t e d  by Wilson and 
Leduc ,  s a i d  t h a t  t h e  two n u c l e i  may show a  d i f f e r e n t  d e n s i t y  
i n  H e i d e n h a i n ' s  h e m a t ~ x y l i n . ~  One may be s o  dense  t h a t  t h e  
i n t e r n a l  s t r u c t u r e  i s  n o t  v i s i b l e  w h i l e  t h e  o t h e r  i s  n e a r l y  
d e s t a i n e d .  Wilson and Leduc b e l i e v e d  t h i s  t o  be an a r t e -  
f a c t .  
Wilson and Leduc s t a i n e d  mouse n u c l e i  w i t h  
H e i d e n h a i n ' s  hematoxy l in ;  some o f  t h e  n u c l e i  were a l l  b l a c k  
and of s m a l l  s i z e  i n  t h e  5-micron s e c t i o n s ,  b u t  i n  s e c t i o n s  
which  were c o n s i d e r a b l y  t h i c k e r  t h a n  5 microns  t h e r e  were 
b o t h  l a r g e r  u n d i f f e r e n t i a t e d  n u c l e i  and a  g r e a t  number of 
t h e  s m a l l  b l a c k  n u c l e i .  The l a r g e r ,  l e s s  d e e p l y  s t a i n e d  
n u c l e i  were t h o s e  which had been c u t  i~ s e c t i o n i ~ g .  3
Z o l l i n g e r  s t a t e d  t h a t  c e l l s  exposed t o  f o r r . a l i n ,  
a c i d s ,  a l c o h o l ,  and  a c e t o n e  show a b r i l l i a n t  t y p e  cf n u c l e u s  
( i . e . ,  t h e i r  n u c l e i  a r e  i r r e v e r s i b l y  sh runken)  and t h e  
n u c l e a r  membrane, the  n u c l e o l i ,  and t h e  ch romat in  network 
a r e  b l l ~ i s h  i r  c o l o r  when viewed upder  t h e  9hase microsco-,e.  4 
1 ~ .  ;; .:;ilson 3p.d E .  1:. Leduc, ItYuclear 3kenort?ena i n  
7 f o ~ ~ s e  L i v e r  , I 1  A n e r i c s n  J o u r ~ a l  of ~ n a t o n v ,  W X I I  (>!ay, 
1 ? 1 i F ) ) ,  356. 
'!:. V. Z o l i i n ~ e r ,  " C y t o l o g i c a l  S t u d i e s  with 'he 3 3 ~ ~  
b ' ic roscopp.  Alterations i p  t h ~  Y u c l e i  o r  ' ? . e s t iqg l  2?d 
l ; iv i ( j inq  Gel 1 s  Induced by SIeans o f  F i x a t i v e s A "  An2rica2 
,Jo11rn31 of k'atholocv, L X I V  ( O c t o b e r ,  lQ4F), 2C1. 
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Cowdry s t a t e d  t h a t  a c i d o p h i l i c  m a t e r i a l  i n  c e l l s  may appear  
t o  be i n c r e a s e d ,  f o r  i t  i s  more concen t r a t ed  owing t o  a 
d e c r e a s e  i n  vo1ume.l 
CHAPTER 111 
MATERIALS AND METHODS 
The purpose of t h i s  s tudy  was t o  determine the  
r e l a t i v e  d i ame te r s  and volumes of unfixed and f ixed  n u c l e i  
o f  h e p a t i c  and r e n a l  c e l l s  of  a d u l t  Swiss S t r a i n  mice 
ob ta ined  from S c h e t t l e  B i o l o g i c a l s ,  S t i l l w a t e r ,  Minnesota. 
Other f i x a t i v e s  and s t a i q s  could be used,  bu t  only  Bouiq ' s  
picro-form01 was u t i l i z e d  i n  t h e  f i x a t i o n  of t i s s u e s  and 
on ly  hernatoxylin was s e l e c t e d  a s  t h e  nuc lear  s t a i q  i n  o rder  
t o  reduce  t h e  scope of t h e  problem. 
Two a d u l t  whi te  mice were used i n  t he  i n v e s t i g a t i o n .  
The mice were k i l l e d  by a  blow on the  head. The e n t i r e  
l t v e r  was exc i sed  avd s p o r t i ~ q ,  ap?roximately 5 TLP. t h i c k ,  
h qr. broad ,  and I C  Y K .  l ong ,  was c laced i? a 1CC x1. 
.- 
:-~rlf?nrneyer f l a s k  which cont2iged Anderson's s o l ~ t i o ?  (z.cc?~?! 
%,:'q, C.C:1251.' V2:1?%, C.CC15Y :*a'a:iCO c . 1 k T  Sue-ose, 17 3 ' 
1 l i t e r  of  d i s t i l l e d  u a t e r ) . '  A l l  of t h e  above rcentianed 
:inr:!yf;ical r e a g e n t s  were ?inchased f r o 9  I. 'allir ,ckrodt Cher i -  
c n l  :llorks, St. Louis .  The  chemicals were l.crei:hed on an 
? n ? l y t  i c a l  bal3ncc (#10C, LToland a ~ d  Sops ,  Yeu ? .ockel le ,  Sew 
. - . . .  l l " i  
'7:. G .  Andryson :lrd c.. ?:. .vl?bl.lr, 3.udies  oc Isc- 
m !~tr-ri! I:QJ 1 C O ~ I ; I O P . F ? ~ ~ S .  IT.'. ihe ef Cect o.? v a r l o ~ ~ s  SC~?.:L~ I??s  
, ! 7  +,hi? i . s o ] n t , c d  rat liver ~ucleus," J~ l . l r r . ? l  Of Gt7!?t??al 
. '!;ysi : - I ~ ~ , T ~ J ,  x;LW ('.'a?, 1?52), FL'l. 
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York) . 
A s e c t i o n  r a z o r  (Clay-Adams, I n c . ,  DJew York) was used 
t o  o b t a i n  a  t h i n  s l i c e  of t h e  un f ixed  t i s s u e .  The l i v e r  
s e c t i o n  was c u t  wh i l e  i t  was submerged i n  Anderson's  s o l u -  
t i o n ;  t h e r e f o r e ,  t h e  t i s s u e  was never  al lowed t o  become d r y .  
The t h i n  s e c t i o n  of l i v e r  f l o a t e d  t o  t h e  s u r f a c e  and was 
p icked  up w i t h  a  c a m e l ' s  h a i r  b rush  and i m - e d i a t e l y  t r a n s -  
f e r r e d  t o  a  g l a s s  mic roscop ic  s l i d e .  The s l i d e  had been 
p r e v i o u s l y  p repared  by adding two drops  of Anderson 's  
s o l u t i o n .  P i e c e s  of  a  broken cover  s l i p  were p laced  a t  t h e  
edges  o f  t h e  d r o p  and a cover  s l i p  was added; t h u s ,  t h e  
l i v e r  s e c t i o n  was n o t  under  Dressure  because of  t h e  weight  
o f  t h e  cove r  s l i p .  One hundred l i v i n g  l i v e r  n u c l e i  were 
rrcas~!red w i t h  a f i l a r  m ic ro3e t e r  eyep iece  (#8105, Yelch 
S c i e n t i f i c  C o ~ p a n y ,  Chicago)  i n  o r d e r  t o  e s t a b l i s h  a  base  o r  
c o n t r o l  t o  which f i x e d  and s t a l n e d  n u c l e i  c o u l ?  be c o r ? a r e d .  
The l i v e r  n u c l e i  were measured a t  random by u s i n g  on ly  t h o s e  
n u c l e i  t h a t  were s een  on t h e  a i c rome te r  eyep i ece  s c a l e .  The 
~ i c r o s c o p e  used was equipped wi th  a  mechanical  s t a g e  and the 
mic roscon i c  s l i d e  was moved downward u n t i l  t h e  edge  of  t h e  
f ; i s s u c  was r eached .  The e n t i r e  s l i d e  was t hen  ~ o v e d  t o  t h e  
].eft, an? t h e  nuclei-  i r l  t h i s  a r e a  were coun ted :  t h > ~ s ,  PO 
n u c l c l ~ s  w a s  counted more than  once .  
The microscope used was 3 compound ~ o n o c - . ~ l s r  r l c r o -  
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equipped wi th  a  10X eyepiece and a  lOOX o i l  immersion 
o b j e c t i v e .  The immersion o i l  was purchased f r o n  C a r g i l l e ' s  
Labs, I n c . ,  New York. An incandescent  l i g h t ,  7$ w a t t s ,  was 
used t o  i l l u m i n a t e  t h e  s e c t i o n .  
For each nuc lea r  measurement, maximum and mininun 
d i a m e t e r s  were taken  wi th  t h e  f i l a r  micrometer eyepiece ;  
t h e s e  two va lues  were averaged and t h e  volume determined a s  
f o r  a  sphe re .  Th i s  s t e p  i s  j u s t i f i a b l e  according t o  Birge 
and ~ i b b i t t s . '  The numbers ob ta ined  from the  f i l a r  microme- 
t e r  were conver ted  t o  microns and t h e  volumes were computed 
f o r  each  n u c l e i  and expressed i n  cubic  microns. The diame- 
t e r s  and volumes obta ined  a t  t h i s  po in t  were used a s  t h e  
c o n t r o l  measurements f o r  t h e  unf ixed n u c l e i .  
There were f i v e  s t a g e s  i n  t h e  p r e ~ a r a t i o n  of t h e  
t i s s u e s  f o r  s t u d y  of microscopic  s e c t i o n s .  Each s t a g e  was 
compared t o  t h e  c o n t r o l  n u c l e i .  
The f i r s t  procedure i n  prepar ing  t h e  t i s s u e  was 
f i x a t i ~ n .  A piece  of l i v e r  t i s s u e ,  app rox ins t e ly  5 or!. 
t h i c k ,  6 mm. broad,  and 10 rnl. long ,  was t r a n s f e r r e d  frorc 
Anderson 's  s o l u t i o n  and was plsced i n  10C ml. of Eolllr?'s 
picro-form01 f i x a t i v e 2  (General  B i o l o q i c a l  Supply House, 
C h i c n g o ) .  The f ' ixation process  was maintained for 1E h0-~1rs 
l13iraP and  T i b b i t t s ,  Q. t., p. k c S .  
' ~ r n ~ ,  gp. a., 11. ?'+. 
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a t  room tempera tu re . '  A f r e ehand  s e c t i o n  was c u t ,  a s  
p r e v i o u s l y  d e s c r i b e d ,  from t h e  l i v e r  t i s sue .  A s l i d e  was 
p e r f u s e d  w i t h  B o u i n l s  f i x a t i v e  and t h e  s e c t i o n  p laced  i n  i t .  
The s e c t i o n  was covered w i t h  a cover  s l i p .  A t o t a l  o f  100 
f i x e d  n u c l e i  were measured a s  d e s c r i b e d  above. 
Washing was c a r r i e d  o u t  i n  70% e t h y l  a l c o h o l .  The 
washing p r o c e s s  was prolonged u n t i l  eve ry  v i s i b l e  t r a c e  of 
y e l l o w  due t o  t h e  p i c r i c  a c i d  was washed ou t .*  I t  was 
n e c e s s a r y  t o  change t h e  70% e t h y l  a l c o h o l  a t  i n t e r v a l s  due 
t o  t h e  y e l l o w  c o l o r a t i o n  of t h e  p i c r i c  a c i d .  Dehydra t ion  
and h a r d e n i n g  occu r r ed  a s  t h e  l i v e r  t i s s u e  was passed 
t h rough  t h e  a scend ing  s e r i e s  of  e t h y l  a l c o h o l s ,  each  concen- 
t r a t i o n  i n c r e a s e d  by 5%, up t o  a b s o l u t e  e t h y l  a l c o h o l  
(Chernline, American Drug I n d u s t r i e s ,  I n c . ,  C h i c a g o ) .  The 
t i s s u e  was l e f t  i n  each  c o n c e n t r a t i o n  of  e t h y l  a l c o h o l  f o r  
8 h o u r s . 3  The volume o ?  t h e  ~ i x t u r e  of  t h e  e t h y l  a l c o h o l  
and wa t e r  used a t  each c o n c e n t r a t i o n  was 100 m l .  The t i s s u e  
was t r a n s f e r r e d  t o  a second volume of  a b s o l u t e  e t h y l  a l c o -  
h o l ,  which was n e c e s s a r y  in o r d e r  t o  remove a l l  t r a c e s  of 
IA. fi. Lee,  The M i c r o t o m i s t ' s  Vade-"ecurr ( ? h i l a -  
-. 
d e l p h i a :  h l a k i s t o n  Company, 173'71, 6.3F; 
'A. E .  G a l i q h e r ,  3 s s e r t i a l s  of P r a c t i c a l  ?:icro- 
t e c h n i ~ u e  in Animal Ri,oloev ( F e r k e l ~ y ,  C a l i f c r n i a :  A l b e r t  
75. Galiyher, Tnc., 1?3.+) ,  p. 
3 1 b i 3 . ,  p .  120. 
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w a t e r  from t h e  l i v e r  t i s s u e .  Three  d rops  of a b s o l u t e  e t h y l  
a l c o h o l  were p l aced  on a s l i d e  and a  f reehand  s e c t i o n  was 
p l a c e d  i n  i t .  While measur ing t h e  n u c l e i ,  i t  was nece s sa ry  
t o  add d r o p s  o f  e t h y l  a l c o h o l  t o  t h e  edge  of  t h e  cover  s l i p  
because  of  t h e  v o l a t i l i t y  of t h e  r e a g e n t .  A t o t a l  of 100 
washed and dehydra ted  n u c l e i  were measured and t h e i r  volumes 
were conpu t ed .  
A f t e r  a l l  t r a c e s  of w a t e r  had been removed from t h e  
l i v e r  t i s s u e ,  it was i n  a  c o n d i t i o n  t o  absorb  a  l i q u i d  i n  
which p a r a f f i n  may s u b s e q u e n t l y  be d i s s o l v e d .  Xy lo l  
( M a l l i n c k r o d t  Chemical Works, S t .  Lou is )  was t h e  s o l u t i o n  
used  f o r  c l e a r i n g  t h e  l i v e r  t i s sue .  Three graded m i x t u r e s  
o f  e t h y l  a l c o h o l  and x y l o l  were used .  The f i r s t  mixture 
c o n t a i n e d  3 p a r t s  a b s o l u t e  e t h y l  a l c o h o l  and 1 p a r t  x y l o l :  
t h e  second ,  2 u a r t s  a b s o l u t e  e t h y l  a l c o h o l  and 2 p a r t s  
x y l o l ;  and t h e  t h i r d ,  1 p a r t  a b s ~ l u t e  e t h y l  a l c o h o l  and 3 
n a r t s  x y l o l .  The t i s s u e  was t hen  placed i n  pure  x y l o l .  The 
volume used a t  each  o f  t h e  graded mix tu r e s  was lo@ m l .  A 
second volume of  100 m l .  pure x y l o l  must be used t o  i n s u r e  
t h e  complete  removal of e t h y l  a l c o h o l .  The t i s s u e  was l e f t  
i n  each  mix tu r e  f o r  8 hou r s . '  I f  t h e  t i s s u e s  show w h i t i s h  
o r  opaque s p o t s ,  t h e  c l e a r i n g  was no t  complete .  A s l i d e  was 
p c r f u s e d  w i th  x y l o l  and a  s e c t i o n  of t h e  c l e a r e d  l i v e r  
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tissue was placed in the solution. The maximum and minimum 
diameters of 100 cleared hepatic nuclei were measured, and 
the nuclear volumes were calculated. 
The transfer of the tissue from the clearing agent to 
paraffin was made gradually.' Soft paraffin (Matheson 
Chemical Company, Inc., Norwood, Ohio) which had a melting 
point range of 50-52' C.  was used. This histowax was 
suitable for embedding tissues which must be cut into rather 
thick sections (14 microns or over). Finely shaved paraffin 
was added to the xylol. After all the paraffin was dis- 
solved, more was added; the process was repeated until no 
more paraffin shavings dissolved. The liver tissue was left 
in this slushy condition for 18 hours. The cover of the 
container was removed so that the xylol could evaporate. 
The container was placed in an oven in which the temperature 
was maintained at 54' c . 2  After the slushy mixture melted, 
one half of the melted mixture was poured off and replaced 
with pure melted paraffin. The vial was gently agitated in 
order to thoroughly mix the two ingredients. The paraffin 
was changed twice; each time it was replaced with pure 
melted paraffin in order to remove all traces of the clear- 
i n q  agpnt. The tissue was l ~ f t  in the pure melted paraffi? 
for 5 hours. 
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The i n s i d e  of t h e  embedding d i s h  was smeared w i t h  
g l y c e r i n e .  Pure  mel ted  p a r a f f i n  was poured i n t o  t h e  d i s h  
and t h e  l i v e r  t i s s u e  was q u i c k l y  t r a n s f e r r e d ,  u s i n g  a  w a r m  
f o r c e p s ,  t o  t h e  p repared  d i s h .  The d i s h  was moved t o  a pan 
c o n t a i n i n g  c o l d  w a t e r  and t h e  d i s h  was immersed a lmos t  t o  
i t s  t o p .  Cold w a t e r  from t h e  t a p  was a l lowed t o  f l o w  i n t o  
t h e  pan;  t h e  s u r f a c e  was blown upon t o  h a s t e n  t h e  c o o l i n g .  
A t h i c k  f i l m  was formed on t h e  s u r f a c e  of t h e  p a r a f f i n ,  t h e  
embedding d i s h  was submerged, and t h e  p a r a f f i n  b l o c k  f l o a t e d  
t o  t h e  s u r f a c e .  1 
The s e c t i o n s  were c u t  w i t h  a  r o t a r y  microtome2 (#820, 
G e n e r a l  B i o l o g i c a l  Supply  Company, C h i c a g o ) .  The t h i c k n e s s  
of  e a c h  s e c t i o n  was 1 5  mic rons .  The s e c t i o n s  were a f f i x e d  
t o  t h e  s l i d e  u s i n g  egg a lbumin3 and were s p r e a d  by p a s s i n g  
t h e  s l i d e s  th rough  t h e  f l ame  of a  Bunsen b u r n e r  s e v e r a l  
t i m e s .  The s l i d e s ,  w i t h  t h e  a f f i x e d  s e c t i o n s ,  were p laced  
i n  a n  oven a t  3 7 O  C .  f o r  20 minu tes .  The maxinum and 
mini mu^ d i a n e t e r s  of  1 C O  n u c l e i  were measured and t h e i r  
v o l u a e s  were computed. 
The p a r a f f i n  was removed from t h e  s e c t i o n  by p a s s i ? ~  
t h e  s l l d e  t h r o u c h  pure  x y l o l .  The s l i d e  r e r a i ~ e d  i n  t h e  
x y l o l  f o r  3 m i n u t e s .  The s e c t i o r l  was passed  th rouqh  a 
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mixture of xylol and absolute ethyl alcohol (3 parts xylol, 
1 part absolute ethyl alcohol), a second mixture of xylol 
and absolute ethyl alcohol (2  parts xylol, 2 parts absolute 
ethyl alcohol), and a third mixture (1 part xylol, 3 parts 
absolute ethyl alcohol), and finally into the absolute ethyl 
alcohol. In each of the preceding stages, the tissue 
remained in each solution for 3 minutes. Once the paraffin 
was removed, the section was rapidly transferred between 
solutions; thus, the section was never allowed to become 
dry. 
The section was passed from the absolute ethyl 
alcohol to distilled water by using a descending series of 
ethyl a1cohols.l The slide was left in each concentration 
for 3 minutes. The section was washed in running tap water 
for 5 mi~utes and then rinsed in distilled water. 
The slide was transferred to freshly filtered 25 iron 
alum (!.:allinckrodt Chemical 'darks) for 45 ~qinuties .2 The 
sections wpre rinsed in distilled water. The liver section 
was stained with 0.5$ hematoxylin3 (Xarlcco Parstains, 
!!artman-Leddon Corn?any, Philadel3hia) . The tissue was 
dcstnined in 2% iron alum until the section appeared gray. 
Thn section was rinsed in distilled water and washed in 
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running water. The slide was perfused with distilled water 
and the diameters of 100 stained nuclei were measured and 
their volumes were calculated. 
In this investigation, an adult male and an adult 
female mouse were used in order to ascertain differences in 
the tissue of the two sexes. Another purpose of the inves- 
tigation was to determine if the same events would occur in 
the kidney tissue. The kidneys of the male and female mice 
were removed and passed through the same procedures as were 
the livers of the mice. 
The kidneys were cut transversely and placed in 
Anderson's solution. A thin section was cut from the 
kidney and the nuclear diameter was measured. Only one 
measurement was taken for the renal nuclei s i ~ c e  they were 
sphe~ica!. The nuclear diameter was neasured in nicrons 
using the filar micrometer eyepiece and oil imiersion 
ob2pctive or the microscope that was described creviously. 
The volurres of these control nuclei were cor.pu:ed, l~sing the 
forrnlila for the vo11:me of a sche re ,  and expressed ir! cubic 
ri crons . 
The renal nuclei were fixed in Pouir's picro-for~ol 
s o l u t i o n .  The time t h ~  tissues renaine? ir the salxticns ir 
a l l  of thc following procedures wss the same as  t h a t  xsec? 
:.ii t h +,!I(> 'liver ti s s ~ l e .  in 311 css f - s ,  1 C C  rer.:31 yiL!cl?i ;Y--=.rtl 
r . ~ ~ i . s ~ ~ r c c ~  .iftc.r c a c h  procedure i~ r r ~ ? n r i r <  the t,iss::t? 37.j 
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t h e  volumes were computed. The s t a g e s  t h a t  followed the  
f i x a t i o n  were washing and dehydra t ion  i n  t h e  ascending 
s e r i e s  o f  e t h y l  a l c o h o l s ,  c l e a r i n g  wi th  x y l o l ,  embedding i n  
p a r a f f i n ,  and s t a i n i n g  wi th  hematoxylin. 
The procedure desc r ibed  should be adequate f o r  one t o  
compare t h e  changes i n  d i ame te r s  and volumes of t he  n u c l e i  
of  t h e  l i v e r  and kidney t i s s u e .  Af t e r  each s t a g e  i n  p repar -  
i n g  t h e  t i s s u e s ,  a n  a n a l y s i s  o f  t h e  d a t a  should show t h e  
amount of  sh r inkage  o r  swe l l i ng  t h a t  i s  ev iden t .  Opposite 
s exes  of mice should i n d i c a t e  t h e  changes i n  t h e  n u c l e i  of 
t h e  l i v e r  and kidney t i s s u e s  of  each sex.  Thus, t h e  proce- 
du re  used i~ t h i s  i n v e s t i g a t i o n  should g ive  an i n d i c a t i o n  of 
t h e  i n f l u e n c e  of c e r t a i n  chemicals  i n  a s tandard  procedure 
of t h e  p r e p a r a t i o n  of t i s s u e s  f o r  microscopic s tudy .  
CHAPTER N 
RESULTS AFD INTERPRETATIOX OF DATA 
As previously noted, the principal objective of the 
investigation presented herein was to ascertain the relative 
effect of various microtechnique rneth0d.s used in the prepa- 
ration of tissues for microscopic study. The amount of 
shrinkage and swelling at the different stages of fixation 
was measured and compared to the u~fixed, control nuclei. 
To determine the accuracy and the validity of the 
measurements, the diameters of 100 fixed liver nuclei were 
determined. The average diameter was computed to be 6.19 
microns. The process was repeated and the average diarceter 
of tho nuclei was computed as 6.17 microns. This showed an 
error of 0.33 in reading the dianeters of 2CQ n.uclei. 
During the measurement of the 1CC liver nuclei in 
each of the staces in the ~icrotechniaue aethod, the ratic 
of d i p l c i d  to tetraploid nuclei was in a ra?.ge of 19-24:; 
Class  I or diploid nuclei to 76-!?12 Class I1 or tetrazloid 
nuclei. Pirce and Tibbitts, in their studies with liver 
" C )  :.'tissue, f?und the percentage of diploid puclei to be L : . :  qn? 
:inderson and ':;ilbur? ir their tetraploid nuclei to be 735. 
s t , l ~ c l i ~ s  o r  liver tissue, f0ur.d the percentage of d i r l 3 i d  
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nuclei to be 14% and tetraploid to be 86$. The unfixed, 
control nuclei of the liver tissue showed diploid and 
tetraploid percentages similar to those given for the 
unfixed nuclei.' Thus, the ranges of the two classes are 
consistent and would not result in a large error in nuclear 
diameter and volume measurements. 
The unfixed hepatic nuclei were in the shape of an 
ellipse. A definite boundary, the nuclear membrane, was 
seen surrounding the nucleus. The nucleoplasrn had a granu- 
lar appearance. 
As shown by Table I, in each stage of microtechnique 
tissue preparation, there was a definite amount of shrink- 
age. The over-all shrinkage in the nuclear dia~eter of 
hepatic cells fror an adult nale mouse was 29.33 .  The 
~ r ~ s t e s t  linear shrinkzige ~ccurred ciuring fixation with 
Fouin's fluid and e m b e d d i ~ ~  with paraffin; this arounted to 
3 decrease of 7 . 3 s  from the control and 13.75 3-05 the 
c l ~ a r e d  nuclei. In the regai~der of the nicrotecknique 
17- L 1 ~ o c ~ s s ,  the shrinkage was gradual ar.d .lot excessive. The 
rfJasurerrents for the nuclear diameter skri3kage of he?atic 
n ~ ~ c l ~ i  of the adult  ale Rouse are su.nrrarized iq 31gure 1: 
p:iwr 3F. 
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l i v e r  n u c l e i  of t h e  male a d u l t  mouse corresponded t o  a  
d e c r e a s e  i n  volume of 64.5%. Table I1 shows t h e  percentage 
of volume sh r inkages  f o r  t h e  n u c l e i  of t h e  l i v e r  and kidney 
t i s s u e s  of t h e  male and female mice. The measurements f o r  
t h e  n u c l e a r  volume shr inkage  of t h e  h e p a t i c  n u c l e i  of t h e  
male mouse a r e  summarized i n  F igure  2 ,  page 38. 
A s  s t a t e d  p r e v i o u s l y ,  t h e  g r e a t e s t  shr inkage i n  t h e  
d i ame te r  o f  t h e  h e p a t i c  n u c l e i  from t h e  male mouse occurred 
i n  t h e  f i x a t i o n  and embedding s t a g e s ,  The same obse rva t ion  
was made w i t h  t h e  h e p a t i c  n u c l e i  of a  female a d u l t  mouse. 
Although,  i n  t h e  l a t t e r  i n s t a n c e ,  i t  was ev iden t  t h a t  t h e r e  
was a  g r e a t e r  shr inkage  of t h e  n u c l e i  a f t e r  f i x a t i o n  than  
a f t e r  t h e  embedding process .  I n  t h e  female ,  t h e  shr inkage 
i~ d iame te r  of  t h ~  l i v e r  nuc l e i  was 8.65 a s  compared with 
7.3j; i n  t h e  l i v e r  n u c l e i  of t h e  male mouse. I n  t he  enbed- 
d i ~ g  s t a g e ,  t h e  g r e a t e r  shr inkage  was observed i n  t h e  d i m e -  
t e r  of  t h e  n u c l e i  of t h e  r a l e ,  26.8% a s  conpared t o  22.3,: 
f o r  t h e  female l i v e r  n u c l e i .  Pa t t en  and T h i l p o t t  r o t e d  t h a t  
%he g r ~ a t e r  t!-,e shr inkage  caused by f i x a t i o n ,  t h e  l e s s  t k e  
s u b s e q u ~ ~ t  shr inkage  .' I n  t he  v a r i o u s  s t a g e s  of p r e p a r a t i o c  
of t;hc female l ~ i v e r  t i s s u e ,  t he  shr inkage  was l e s s  than :.bat 
of' t h e  n r e p a r a t i o n  of t h e  male  l i v e r  t i s s u e .  Table I ,  
PQCc 35, shows percentage shrinkakyes of  nuc lear  d i s r . e t e r s  
;.'IE:Li :.iES.SiJI~E4E;'i':: j E  'iXE ; i U C L F X R  VOLUFlES LAG TfiE PER C E N T  OF 
;:-iHI;I?;;,GII. ; , : iICii O C C U I i S  I2i THE VlIEIIOUS STAGES O F  ?I ICRO- 
TE;Ci!;iIb-3L FOh SIVFA ;Li;D K I D N E Y  T I S S U E S  O F  WHITE 
;.lICt ?',S CO>lPXRI.;L T O  T H E  C O N T R O L  N U C L E I  
V o l u x  o f  Bouin' s Llcohols  Xylol  Pa ra f f i n  S t a i n s  
c o n t r d  Volune Shrink- Volu-ne Shrink-  V o l u m e  Shrink- V o l u m e  Shrink-  V o l u m e  Shrink-  
Zoxrce  nucieus i n  ai:e i n  2 ge  i n  s g  e i n  age i n  age 
~ f '  i n  cubic  cub ic  P cubic  % cub ic  P cub ic  P cubic  d d d 
P, 7 -.: 
% 
- a - L A  a microns n i c rons  microns microns microns microns 
- .  
;A 1 ':f: r- 
5 ,~ : ;~e  i b .  ,.,3L5.'$ ;:.3.5 i l .  35.6 1,121.7 36.5 828.1 53.1 768.2 56.5 
Measurements in Successive Stages of Preparation 
Figure 1. Average percentage of shrinkage induced in 
diameters of the hepatic nuclei of an adult male mouse by 
the various procedures used in microtechnique as conpared to 




Measurements in Successive Stages of Preparaticn 
Figure 2. Average percentage of shrinkage induced i n  
volumes of the hepatic nuclei of an adult male mouse by t h e  
v;trious procedures used in microtechnique as corr.?ared to the 
control nuclei . 
f o r  each mouse and type of t i s s u e .  
It can  be noted from Table I ,  page 35, t h a t  t h e  
h e p a t i c  and r e n a l  n u c l e i  of t h e  male mouse have a  smal le r  
d i ame te r  t han  t h a t  of t h e  female mouse. The nuc lear  s i z e  i s  
dependent  t o  some e x t e n t  on t h e  sex and s t r a i n  of t h e  mouse 
used .  Two mice were used i ~ .  t h i s  experiment,  a  male weigh- 
i n g  26.3 g .  and a female weighing 29.5 g .  Thus, t h e  d i f -  
f e r e n c e  i n  s i z e  of t h e  mice may account f o r  t h e  d i f f e r e n c e  
i n  s i z e  of t h e  nuc lea r  d i ame te r s .  
The h e p a t i c  n u c l e i  of t h e  female mouse followed 
approximate ly  t h e  same p a t t e r n  of shr inkage a s  t h e  h e p a t i c  
n u c l e i  o f  t h e  male mouse. The g r e a t e s t  shr inkage occurred 
i n  t h e  f i x a t i o n  and embedding s t a g e s .  During f i x a t i o n ,  t h e  
nuc lea r  d iameter  decreased  8.6,; and the  nuc lear  vollme 
decreased  23.85 i n  t h e  h e p a t i c  c e l l s .  After  t he  l i v e r  
t i - s sue  had been e~bedc!ed, t h e  nuc lear  d i a ~ e t e r  had s h ~ x r k  
t o  22.3$ and t,he voll~me had s h r u n k  t o  53.1; o r  t h e  o r i g i n a l  
s i z e .  Cver t h e  e r t i r e  range of rr icrotechnique r .etkcds 1:sed 
f o r  p r c p a r i n c  t h e  t i s s u c s ,  the  nuc le i  of t h e  f e r a l e  skewed a  
sms]l.cr arrount o f  shr inkage than t h e  h e r a t i c  2 ~ c l ~ j . i  sf f,5e 
. F' izures  3 and 4 summarize t h e  p e r  cen t  sh r i rkage  i n  
n u c l e a r  dinmctcr  an?  vol~irne.  
Thc n u c l e i  of t ,he r e n a l  t i s s u e  shewed a  g r ~ a t e r  
amo1lnt of shr inkage  t h a n  tb,ose oT t h c  k c p a t i c  tlss7.1e. 
i.:xAm i rl,2t ion  07 ' ;able 11 1 , pace 4-1 , wi 1 I ', nd icr?t tp  thc3 :<?$.a1 
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Measurements i n  Success ive  S tages  of Prepara t ion  
F igu re  3. Average percentage of shr inkage induced i n  
d i a m e t e r s  of  t h e  h e p a t i c  n u c l e i  of an a d u l t  female mouse by 
t h e  v a r i o u s  procedures  used i n  microtechnique a s  compared t o  
t h e  c o n t r o l  n u c l e i .  
I I I I I 
Yeasurevents  i n  Success ive  S t ages  of P repa ra t ion  
F i g u r e  4. Average percentage of shr inkage induced i n  
volumes of  t h e  h e p a t i c  n u c l e i  of an a d u l t  f e a a l e  rouse  b y  
t h e  v a r i o u s  procedures  used i n  microtechnique as  corfipared t o  
t h ~  c o n t r o l  n u c l e i .  
TABLE I11 
TOTAL SHRINKAGE OF THE NUCLEI FOR THE KIDNEY AND 
LIVER TISSUES OF WHITE MICE AFTER ALL STAGES 
OF THE MICROTECHNIQUE LKETHOD 
Tissue 
P e r  c e n t .  Per c e n t .  
Shr inkage  Shr inkage  
i n  i n  
d ia rce te r  volume 
L i v e r ,  Male Adul t  Fouse 29.9 64.5 
L i v e r ,  Female Adul t  Mouse 24.2 5'6.5 
Kidney ,  Male Adul t  Kouse 43 .4 81.0 
Kidney,  F e n a l e  Adul t  Youse 36.4 74.2 
l i n e a r  and volume s h r i n k a g e s .  A l s o ,  i t  c a n  be  seen  t h a t  t h e  
r e n a l  n u c l e i  o f  t h e  f e r s l e  mouse shows l e s s  s h r i n k a g e  t h a ~  
t h e  r e n a l  n u c l e i  of  t h e  r a l e  mouse. The t 5 t a l  v o l ~ m e  
decrease i n  t h e  r e n a l  n u c l e i  of the r a l e  rollse was ?I.?$, 
wheypas, ip t h e  r ena l  n u c l e i  of  t h e  f e m a l e ,  t h e  d e c r e a s e  was 
7lt.2;:. The above o b s e r v a t i o n  i s  a l s o  shown in $he l i v e r  
?11c1ei :  t h p  volljme d e c r e a s e  i n  t h e  l i v e r  n l ~ c l e i  of the m l e  
roTlse  was 64.5,:: and i n  tke f e n a l e  56.5;;. 
T h e  g r n a t e s t  s h r i n k a g e  of an:y of t h e  r - u c l e i  o c c a r r e 5  
i~ the k i d n e y  n u c l e i  o f  t h e  a d u l t   ale mmse  when I t  was 
r)?scct3. i n  l l o~ l i  n s  f i x n t l v e .  T h e  n u c l e a r  diameter d ? c r e a s e j .  
l(7.6,; a n d  the n u c l e a r  voll~rne d e c r c a s e d  46.3:;. This i s  
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Neasurements in Successive Stages of Reparation 
Figure 5. Average percentage of shrinkage induced in 
diameters of the renal nuclei of an adult male mouse by the 
various procedures used in microtechnique as compared to the 
control nuclei. 
1 1 I 1 I 
!+'casurement,s in Successive Stages of Preparation 
Ii 'igure 6. Average percentage of shrinkage induced in 
voll~rncs of the renal nuclei of an adult male mouse by the 
various proccdurcs 11scd in microtechnique as comparsd to the 
control n ~ l c l c i .  
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A large amount of shrinkage also occurred when the 
kidney nuclei of the female mouse were subjected to the 
influence of fixation. The nuclear diameter decreased 15.6% 
and the nuclear volume decreased 39.9%. This is shown by 
the graphs of Figures 7 and 8. 
Ross and Birge and Tibbitts noted that fixation was 
probably responsible for most ot the shrinkage in a tissue 
preparation.L The results of this investigation are in 
agreement with their conclusions. A large portion of the 
shrinkage was observed in this step for all the mice regard- 
less of the kind of tissue studied. Patten and Philpott 
measured pig enbryos after fixation with Bouin's. They 
observed a very slight shrinkage (2.5$).* This was a very 
s ~ a l l  shri~kage corcpared with the results of this izvestiga- 
tion. However, the penetration of the fixative would not be 
sudden and complete it? the ertire pig e~bryo as it was in 
t h e  small ~ieces of the excised liver ana kidney used in 
this investi~ation. 
The e f f e c t  of dehydratior usiqg the ascending series 
of ethyl alcohols did not decrease the dlsmeters and vol-nes 
of the liver nliclei excessively. A s  showr! in Tables I a?d 
11, pages 35 and 37, the nuclear diameter decreased 4.?; ic 
, a. &. , p .  125: and P I r g e  a ~ d  T i b h i t t s ,  
a. a., ?. 4ns. 
- - - - - - - - - - - - - - - - - - 
Keasurements i n  Successive Stages  of Prepara t ion  
F i g u r e  7 .  Average percentage of shrinkage induced i n  
d i ame te r s  of r e n a l  n u c l e i  of an a d u l t  female mouse by t h e  
v a r i o u s  procedures  used i n  microtechnique a s  conpared t o  the  
c o n t r o l  n u c l e i .  
I 1 I I L 
b'casurcrnents i n  Successive S tages  of I j r e p a r z t i c ~  
F'icurc P .  Avrraqc p e r c c n t a ~ e  of shr inksge induc?d ir 
V q 1 1 1 r n e s  of renal nl lc le j  of  an ad1:lt fcmale mayse by the  
v l r i o l l s  p r o c ~ i l i l r c s  used i n  rr lcrotcchniqne a s  c ~ c ? r a r ~ d  tc t h e  
c o n t r o l  nuc lc i  . 
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t h e  male mouse and 3.9% i n  t h e  female mouse; t h e  nuclear  
volume dec reased  11.7% i n  t h e  male and 9.8% i n  t he  female. 
The e f f e c t  of dehydra t ion  was more marked i n  t h e  kidney 
t i s s u e .  The n u c l e a r  d iameter  decreased 8.3~4 i n  t he  male and 
6-88 i n  t h e  female and t h e  nuc l ea r  volume decreased 14.8% i n  
t h e  male and 13.5% i n  t h e  female dur ing  t h e  dehydration 
p roces s .  The shr inkage  due t o  t h e  a l coho l s  i s  smar ized  by 
t h e  graphs  of F igu res  1 through 8. 
Tarkhan no ted  t h a t  a l c o h o l  was perhaps t h e  most 
p o v e r f u l  s imple  f i x a t i v e . '  I n  t h i s  i n v e s t i g a t i o n ,  a lcohol  
was used a s  t h e  dehydra t ing  agent  and the  per c e n t  of 
sh r inkage  of l i v e r  and kidney t i s s u e s  was not  g r e a t .  I t  may 
be p o s t u l a t e d  t h a t ,  s i n c e  much of t h e  shr inkage occurs  i n  
t h e  f i x a t i o n  p roces s ,  t h e  e f f e c t  of a lcohol  w i l l  n o t  be 
e r e a t .  
The process  of c l e a r i n g  t i s s u e s  showed a  s l i g h t  
sh r inkage .  The e f f e c t  of x y l o l  on the  t i s s u e s  i s  i 9d i ca t ed  
bv t h e  graphs  of F i g u r e s  1 through 8 .  The l e a s t  anount of 
shri .nkage tiue t o  x y l o l  was 1.5::: decrease  i n  t h e  nuc lear  
d inmeter  of t h e  l i v e r  t i s s u e  of t h e  female r,ouse. The 
c r e a t e s t  ~ c r c e n t a g e  change dae t o  x y l o l  occurred i n  the  
kidney n u c l e i  of t h e  ferrale mouse; t h i s  amounted t o  a  
d ~ ~ c r c : ~ s c  in the nuc lea r  d i a ~ . e t e r  af 5.?$;. ? s t t e n  an3 
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p h i l p o t t  o b s e r v e d  a  s h r i n k a g e  of o n l y  1% o r  l e s s  i n  t h e  p i g  
embryos when u s i n g  x y l o l  a s  t h e  c l e a r i n g  agent  f o l l o w i n g  
~ o u i n ' s  f i x a t i v e . '  I n  t h i s  i n v e s t i g a t i o n ,  t h e  l e a s t  amount 
o f  s h r i n k a g e  i n  any of  t h e  s t a g e s  i n  t h e  rnicrotechnique 
method was n o t e d  i n  t h e  c l e a r i n g  p r o c e s s .  
Ta rkhan  and Ross p o s t u l a t e d  t h a t  t h e  embedding 
p r o c e s s  was one  o f  t h e  most i m p o r t a n t  f a c t o r s  i n  de te rmin ing  
t h e  f i n a l  c e l l  s i z e . 2  I n  t h i s  i n v e s t i g a t i o n ,  t h e  g r e a t e s t  
s h r i n k a g e  of t h e  t i s s u e s  o c c u r r e d  upon embedding t h e  t i s s u e  
i n  p a r a f f i n .  A s  n o t e d  i n  t h e  l i v e r  n u c l e i ,  t h e  g r e a t e s t  
d e c r e a s e  i n  n u c l e a r  d i a m e t e r s  and volumes was observed i n  
t h e  f i x a t i o n  p r o c e s s  and t h e  e v i d e n c e  f o r  enbedding p a r s l -  
l e l e d  t h e s e  r e s u l t s .  T h i s  o b s e r v a t t o n  could  a l s o  be shown 
f o r  t h e  r e r a l  n u c l ~ i .  
T a b l s  I, page 35, r e c o r d s  t h e  p e r  c e n t  s h r i n k a g e  of 
n u c l e a r  d i a r ~ e t e r s  f o r  t h t  e rbedd ing  p r o c e s s .  The l F v e r  
r . u c l e i  shower! a s h r i n k a q e  of  11.5.'; i n  t h e  rnale !.!+-:; in  
t k ~ n  f ~ m 3 ] ~ .  The shrinkage i? the 3 i m e t e r  f o r  t h e  kidney 
n i l ~ l v i  ~ : , s  computed t o  be 1 . 1 ,  i t h e  r a l e  eovse and 
i q tt-,~ fpmale .  :'i;;urps 1 t h r o u s h  8 sb-ow th? d e c r e s s e  in 
4 i n r r : e t ~ r  7ncl volume d u r i n , c ;  t h e  ernbeddil-rg p r o c e s s .  
r1 :hn pro,-szs of s t a i n i n g  t i 5 2  rot ; r @ ? ~ c e  a?  3??re-  
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c i a b l e  e f f e c t  on t h e  s h r i n k i n g  o f  t h e  n u c l e i .  Cowdry 
de te rmined  t h a t  t h e r e  was a  sh r i nkage  of more than  10% i n  
t h e  s t a i n i n g  p r o c e s s .  The g r e a t e s t  shr inkage observed was 
3.1% i n  t h e  l i v e r  n u c l e i  of t h e  male mouse. Cowdry d e t e r -  
mined t h e  s h r i n k a g e  by p l a c i n g  t h e  s t a i n  d i r e c t l y  on t he  
e x c i s e d  t i s s u e ;  t h u s ,  no i n i t i a l  sh r i nkage  had taken p lace .  2 
A l l  n u c l e i  measured i n  t h i s  i n v e s t i g a t i o n  showed a 
d e f i n i t e  marg in .  I r r e g u l a r  or  d i s t o r t e d  n u c l e i  were not  
i n c l u d e d  i n  t h e  d a t a .  The n u c l e i  counted were ob ta ined  by a  
random samp l ing .  No a t t e m p t  was made t o  s tudy  s p e c i f i c  
n u c l e i  o f  t h e  l i v e r ,  such  a s  parenchymal o r  non-parenchymal, 
bu t  samples  were t a k e n  from a l l  p a r t s  of t h e  s e c t i o n .  The 
n u c l e i  s t u d i e d  from t h e  k idney  s e c t i o n  were from t h e  c o r t i -  
c a l  r e g i o n .  
CHAPTER V 
C ONC LUS IONS 
The p r i n c i p a l  o b j e c t i v e  of  t h i s  s t u d y  was t o  d e t e r -  
mine t h e  r e l a t i v e  e f f e c t  of t h e  v a r i o u s  p r o c e s s e s  t h a t  
~ r o d u c e d  s h r i n k a g e  o r  s w e l l i n g  o f  l i v e r  and k idney  n u c l e i  
d u r i n g  f i x a t i o n  o r  i n  t h e  s u b s e q u e n t  p r o c e s s i n g  of t i s s u e s  
by t h e  p a r a f f i n  method.  
Samples  of mice  l i v e r  and k i d n e y  were f i x e d  i n  
Bou in ' s -P ic ro -Form01  s o l u t i o n ,  d e h y d r a t e d  and hardened  i n  
an  a s c e n d i n g  s e r i e s  o f  a l c o h o l s ,  c l e a r e d  w i t h  x y l o l ,  embed- 
ded  i n  p a r a f f i n ,  and  s t a i n e d  w i t h  i r o n  hematoxyl in .  By a  
compar i son  o r  l i v e r  and k i d n e y  t i s s u e s ,  it was n o t e d  t h a t  
t h e  f i x a t i v e  and p a r a f f i n  embedding s t a g e s  caused  t h e  
e r e a t e s t  s h r i n k a g e  i n  b o t h  t y p e s  o f  t i s s u e s .  The most 
s h r  i n  kage  o c c u r r e d  i n  t h e  Eouin ' s f i x a t i v e .  
I t  was a l s o  shown by t h i s  i n v e s t i g a t i o n  t h a t  t h e  
s h r i n k a g e  d u r i n g  d e h y d r a t i o n ,  c l e a r i n g ,  ar.d s t a i n i n g  was no t  
e x c e s s i v e .  Xhen t h e  s h r i n k a g e  was less  i n  B o u i ~ ' s  r e a g e n t ,  
t h e  d e c r e a s e  i n  n u c l e a r  s i z e  was g r e a t e r  i n  t h e  f o l l o w i n g  
s t a g e s .  T h i s  may 1,~. a t t r i b u t e d  t o  t h e  f a c t  t h a t  t h e  licit 
t? w h i c h  t i s s u e  may s h r i n k  had n o t  been e x h a u s t e d :  t h ' ~ s 9  the 
s ~ l b s e q l l c ~ t  o r o c e s s i n ~  would s h r i n k  t h e  p u c l e u s  t7. this 
liri t,. 
rl) , h e  avcrace  shrinkage of d i m e t e r  3pd vol:lmP was 
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computed i n  p e r  c e n t  and ,  from t h e s e  averages ,  graphs were 
p repared  t o  show t h e  sh r i nkage  encountered a t  each s t e p  of 
t h e  t e c h n i q u e  u sed .  
The s i z e  of t h e  l i v e r  and kidney n u c l e i  of t h e  female 
mouse was l a r g e r  than  t h a t  of t h e  male. The t o t a l  dec rease  
i n  d i a m e t e r  and volume of t h e  kidney n u c l e i  was g r e a t e r  than 
t h e  t o t a l  d e c r e a s e  of  t h e  l i v e r  n u c l e i .  
A l l  t h e  r e a g e n t s  used i n  paraff in-wax embedding, 
e t h y l  a l c o h o l ,  x y l o l ,  molten paraff in-wax,  and t h e  s t a i n  
tend t o  s h r i n k  c e l l s .  The o v e r - a l l  e f f e c t  of t h e s e  r e a -  
g e n t s ,  t o g e t h e r  w i t h  t h e  f i x a t i v e ,  i s  t o  reduce t h e  d iameter  
of t h e  n u c l e u s  abou t  o n e - t h i r d  of what i t  was i n  a  l i v i n g  
s t a t e .  
S r a 1 1  p i e c e s  of' t i s s u e  were used i r  t h i s  i n v e s t i g a -  
t i o n ,  and the r e a g e n t s ,  f o r  a l l  p r a c t i c a l  i ~ t e n t s  and 
?u rpos? s ,  had a lmos t  iz:-.ediate a cce s s  t o  every  c e l l .  I t  i s  
l l n c c r t a i n  whather  t h e  s a r e  r e s u l t s  would be o b t a i ~ e d  i n  the  
c a s e  o f  c c l l s  denp ly  erbea2ed in r e l a t i v e l y  l a r g e  p ieces  of 
CoTpact o r c a n s ,  s u c h  a s  t h e  e n t i r e  kidney o r  l i v e r .  
I ( 'ur ther  i n v e s t i g a t i o n  r i g h t  be c a r r i e a  out t o  ev s lu -  
a t e  t h e  g r e a t e r  s? . r in \ tage  of t h e  n u c l e i  f r o r  t i s s u e s  of t h e  
fctr.ale Touse as  c o m ~ a r e d  t o  a s n a l l e r  s h r i n k a g e  i n  d k m . e t e r  
of t h r  t i .ss11~  fro^ t h e  m a l e  mouse. 
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